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Although standard-inoculum MICs were within the susceptible range for aU compounds, cefoperazone, 
_ ■ - * cefotaxime, and cefpirome were significantly less effective than imipenem or the combination of cefoperazone 
and sulbactam in the treatment of rat mtra-abdominal abscesses due to an extended-spectrum ^-lactamase- 
I producing strain of Klebsiella pneumoniae. ' hu\'y 



The introduction and widespread clinical use of extended* 
_ spectrum cephalosporins have been associated with the 
discovery of plasmid-mediated enzymes capable of hydro- 
^ ^. ly zing these newer agents (2). The activity tf ftese.extendV 
;H^ v cd i spcclrumf ^-lactamases against p-hactan^^luch effi-^ 
i ^jcjently ^netra^the^cell membrane, such ^cefotaxime, is~ 
f $0, ften ^ difeult ^detect by standard-inoculum MIC testing (6)^^ 
^TC^bffi higher inc^u^VareJemrjloyed (2)/ 

^^JiThisf moculum-dependent effect raise|j^ ' 
l|4ft^ D0 ^ of cefotaxnro^^ 

iV::4yed:spectram against inTect|o^ 

these organisms. * * - ! ''TvV^v^>-^vy'- A - \' V* 

We have "recently reported an outbreak^qf^infection : and 
' : , c Ionization with organisms elaborating; two distinct broad- 
v spectrum p-lactamases at a chronic; dareofacihty^ 
( rnore^ two enzymesj^YQ^I^a noyejh 

f . , extended-spectrum enzyme with an isb&ectri^ 
conferred high-level resistance to cefta^ci^ 
Hgfail) Dut did not confer resistance to cefotaxime (MIC = 1 
|ig/ml)"at *a standard inoculum of 10 s fcr^)^^^^feigned 
this study to compare the in vivo efficacies of various 
P-lactam antibiotics in the treatment of rat intra-abdominal 
abscesses due to a clinical isolate^ of - YOUtI -producing 
Klebsiella pneumoniae. * y ^ V i 

K. pneumoniae 5657 was a clinical isolate from sputum. 
The presence of a TEM-related, plasmid-mediated extended- 
spectrum p-lactamase was confirmed as previously de- 
scribed (5). Bacteroides fragilis 2197 was a clinical isolate 
btained from the stock collection of our laboratory. The 
antimicrobial agents used in these studies were kindly pro- 
vided by the following manufacturers: cefotaxime and cef- 
pirome, Hoechst-Roussel Pharmaceuticals, Somerville, 
N.J.; irnipenem-cilastatin, Merck, Sharp and Dohme, Inc., 
West Point, Pa.; cefoperazone and sulbactam, Pfizer Inc., 
New York, N.Y. Ceftazidime (Glaxo Pharmaceuticals, Re- 
search Triangle Park, N.C.) was purchased from the hospital 
pharmacy. MICs were determined by a broth macrodilution 
method at standard inoculum (ca. 10 5 CFU/ml) and high 
inoculum (ca. 10 7 CFU/ml) in ^supplemented Mueller- 
Hint n broth (BBL Microbiol gy Systems, Cockeysvill , 



* Corresponding author. 

t Present address: Infectious Disease Section. Veteran's Admin- 
istration Medical Center. 10701 East Blvd.. Cleveland. OH 44106. 



Md.) (4). Abscesses were created by intraperitoneal place- 
ment of a gelatin capsule containing sterile rat cecal contents 
derived from grain-fed .rats, killed B. fragilis, and a 1:100 ,, : 
dilution of an overnight culture pf K. pneumoniae 5657 (ca. ^ 
)\ ^CFUjin a 2:1:1 ratio Rats weighing between 175 and 200- 
■v. g ^;were;;anestl^ an intraperitoneal injection of 

^ i .'ketamine x sul^te * - <ca^ 125 mg/kg) (Parke ^p^s^McrirTOti 
^Plains, N J ). A; small incision was then .made Ajn-.tfiel^*'*; 
:: j;Jpwer quadrant of the a ami taeiniectiye^^ 

was'plac^ .ckv^^f^^ht;^ 
; ; was begun by continuous infusion via the left'interhalj^ 

vein (7) 3 to-4 : h after the placement of the capsule and 
A continued for 3 days* Animals were randomly: assigned t 
; one of seven treatment, groups: (i) untreated- cqntr^ 
: cefoperazone (600 mg/kg/day), (tii) cefoper^ 

day) plus sulbactam (300 mg/kg/day), (iv) \ : ^toJ^^ t \(AI^*^ 
; mg/kg/day), (v) cefpirome (400 mg/kg/day)/(vi) ,c^ 
: (400 mg/kg/day), and (vii) irnipenem-cilastatin (30^ 
day); Oh day 2 or 3 of therapy, blood samples i.were^Sli^ted / ~ 
for the determination of serum antibiotic levelsr CoricenrTa- 
tions in serum were measured by high-performance liquid 
chromatography or by an agar well diffusion technique (1). 
After 3 days of therapy, animals were sacrificed at 2 h after 
discontinuation of the infusion (antimicrobial agent levels 
were undetectable in the serum at this point) by an intrave- 
nous injection of ketamine sulfate (25 mg/kg). The abdominal 
wall portion of the abscess was removed in a sterile fashion, 
weighed, homogenized in 2 ml of sterile saline, serially 
diluted, and inoculated in parallel onto brucella agar plates 
containing 5% horse blood (BBL Microbiology Systems) and 
MacConkey agar (BBL Microbiology Systems) plates con- 
taining ceftazidime (10 ug/mi). Bacterial titers in the ab- 
scesses were expressed as CFU per gram of abscess. Differ- ' 
ences in bacterial titers among treatment groups were 
assessed by analysis of variance followed by Bonferroni's t 
test for multiple comparisons (3). 

MICs of all of the antimicrobial agents tested are shown in 
Table 1. Substantial increases of MICs were seen for all 
compounds when the inoculum was increased t 10 7 CFU/ 
ml. For imipenem and the combination of cefoperazone and 
sulbactam, th increase in MICs occurred in a graded 
fashion, with a marked decrease in turbidity occurring at 4 
ug/ml for both and full clearing occurring at 256 jJLg/ml 
(cefoperazone plus sulbactam) or 16 u-g/ml (imipenem). The 
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TABLE 1. MICs of various agents for K. pneumoniae 5637 



Antimicrobial agent 



MIC (frig/ml) tor K- pneumoniae - 
5657 at an inoculum of: 



Cefoperazone 
Sulbactam 

Cefoperazone-sulbactam (2:1? 

Cefotaxime 

Cefpirome 

Ceftazidime 

Imipenem 



10 s CFU/m! 


10 7 CFU/ml 


2 


256 


32 




0.5 


256 


1 


256 


1 


>256 


>256 




0.5 


16 



" MICs are micrograms of cefoperazone per milliliter. 



other three 0-lactams for which the increased inoculum was 
tested allowed fiill growth up until the respective MICs. 

Serum antimicrobial agent concentrations and abscess 
bacterial titers for the treatment and control groups are listed 
in Table 2. With the exception of the ceftazidime group, 
levels in serum in all cases were 5 to 30 times the standard- 
inoculum MIC. Serum sulbactam concentrations were un- 
measurable by hi^-performance liquid chromatography, 
presumably because of prolonged storage prior to the per- 
formance of the assay. A previous study in pur laboratory, 
revealed serum sulbactam concentrations of 5.9;±:r2.4 u.g/ml 
for a sulb^tam dose, of 225; mg/kg/day and 9.5 ± 1.1 Wml 
for a dose of 506 n^/kg/day (8). Thus, the serum sulbactam 
' concentration lih^ ™»] 
: almost certfinl^ test organism MIC of this 

cefbperazxm^ 

animal^^ to ~ 
levels significantly different from those of controls and all of 
th^other treatment ^ groups (/» < 0.05 for all comparisons). 
^Chir- r resliits"su^ expanded-spectrum cephalospor 

rihs I n^^less effective in the treatment of serious infec 7 ; 
tions due^te Extended-spectrum p-lactamase-producing; 
gran^^tivej; b&cilli than standard susceptibility tests 
would imply; In vitro studies indicated that the activity of 
these agents a^hst K. pneumoniae 5657 was highly inocu- 



TABLE c2. Intra-abdominal abscess treatment outcomes 



* Antibiotic; 
None 

Cefoperazone" 
Cefoperazone- 

sulbactam 
Cefotaxime 
Cefpirome 
Ceftazidime 

Imipenem 

" P > o.05 for comparison with value for untreated controls. 
6 Concentration of cefoperazone. 

<■ />< o.05 for comparison with values for untreated controls, cefoperazone. 
cefotaxime, cefpirome, and ceftazidime. 



lum dependent. This organism exhibited a much less pro- 
nounced inoculum effect against imipenem, an agent against 

which -exteoded^pcctnim-frlactam 

activity. The inoculum effect did persist against cefopera- 
zone in the presence of sulbactam, a p-lactamase inhibitor, 
but was qualitatively less dramatic. Increasing the sulbactam 
concentration was shown to further decrease the inoculum 
effect in a prior study (2). The dramatic improvement of the 
in vivo efficacy of cefoperazone in the presence of sulbactam 
suggests that the failure of treatment with cefoperazone 
alone was due at least in part to the presence of p-lactamase 
and may be due to a phenomenon similar to the inoculum 
effect observed in vitro. Therefore, it may be prudent to 
avoid extended-spectrum cephalosporins as single agents 
when treating serious infections due to these organisms. 

We are indebted to Hugh Geriach and Roger Bawdon for their 
assistance in determining serum antimicrobial agent concentrations. 

This work was supported in part by grants-in-aid from Hoechsl- 
Roussel Pharmaceuticals, Inc., Somerville, NX; Merck. Sharp and 
Dohme, Inc.. West Point. Pa.; and Roerig/Pfizer, Inc., New York, 
N.Y. 



No. of rais 


Mean serum 
antibiotic level 
Wml) ± SD 


log, Q CFU/gof 
abscess ± SD 


30 




8.02 ± 1.02 


11 


13.5 ± 4.72 


7.41 ± 0.74* 


U 


8.9 ± 3.22* 


5.84 i 0.95 r 


18 


17.7 ± 8.42 


7.26 ± 1.02° 


11 


28.3 ± 2.06 


7.80 ± 1.18° 


10 


19.4 ± 3.09 


8.85 ± 0.64* 


19 


7.1 * 2.08 


4.99 ± 
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